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INTRODUCTION 
To date, to the authorls knowledge, there has been no successful 
application of the lvdraulic drive to oil-well pumping. It is under-
stood, however, that there is, at the present time, an installation in 
the Oklahoma City oil field, near Oklahoma City, Oklahoma, wherein a 
manufacturer of lvdraul.ic couplings and an oil-producing company have 
cooperated in experimental work with the fluid drive applied to a pump-
ing well. No technicaJ. data or information regarding the success of the 
application have, as yet, been released and, consequently, this work is 
presented primarily for the purpose of creating interest in the applica-
tion of "Fluid Drives ll to the pumping of wells. 
This paper will deal with a theoretical application of the "Hyd-
raulic Coupling" for pumping oil wells. Also, a brief discussion of 
the history, theory and development, and uses, in which the coupling has 
already met with success, will be presented. 
In order to clarify one point, before discussion is begun, it may 
be necessary to distinguish between the HYdraul.ic Coupling and the HYd-
raulic Torque Converter. 
Fluid, or lvdraul.ic, couplings consist of an impeller and a runner 
enclosed in a housing; they are incapable of torque conversion. The 
torque at the output shaft is, at all times, equal to the torque at the 
input shaft. 
The fluid torque converter consists essentially of three elements: 
an impelle r, or pUIllp, on the input shaft; a runner on the output shaft; 
and stationary vanes or reaction members between the impeller and run-
ner. The reaction members, or vanes, are so situated as to change the 
direction of fluid, thereby altering the torque ratio between the input 
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and output shafts. Torque may be increased in the ratio of 5 to 1. 
In addition to the personal enlightenment on the subject, this 
paper has been undertaken for the purpose of presentation to the faculty 
Committee on Professional Degrees of the Missouri School of Mines for 
the Professional Degree of Mechanical Engineer. It has not been, and 
will not be, offered as a publication for any purpose other than to cre-
ate interest in oil-well pumping applications. 
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RE...VIEVI OF LlTER~TURE 
Although the transmission of power through a fluid such as oil is 
a comparatively recent · development in automotive and various other in-
dustries, the origin of fluid power transmitters dates back to 1905, 
when Dr. H. Fottinger conceived the idea of a hydraulic speed end torque 
transformer for use with steam-turbine propelled ships. This was a 
I 
torque-converter. It provided a speed-reduction ratio in the order of 
5 to 1, which ratio remains practically unchanged in present-day torque-
converters. Efficiency of 85-89 per cent was obtained, and this is be-
lieved to be the maximum possible for converters, since no later reports 
show higher efficiency. 
Dr. Fottinger, from 1905 to 1908, had been the owner of all the 
international master patents. Until 1915, as chief constructor and con-
sul ting engineer of the Vulcan Works of Hamburg and Stettin, Germany , he 
had the privilege of developing the system of hydraulic transmission. 
About 1910, in order to compete with higher efficiency of mechan-
ieal. gearing for marine propulsion, he constructed what has become known 
as the "Vulcan gear." This consisted of a hyd.raulic coupling in combin-
ation with mechanical gearing and attained an initie~ efficiency of 97%. 
The first Vulcan cou;plings were capable of transmitting 6,750 hp. 
Some additions were made to the Vulcan coupling around 1915, these 
being mechanisms for ease in reversing the driven shaft. They were mere-
ly improvements of the Vulcan coupling. 
No new industrial developments of any consequence occurred immed-
iately after the war. In 1929, the Vulcan Works released to H. Sinclair, 
, an Englishman of Isleworth, the rights for industrial and automotive ap-
pllcations of the Vulcan coupling, with an agreement providing for the 
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mutuaJ. exchange of pa tents and experience. Further developments of the 
Vulcan cou.-pling were known as the "Vulcan-Sincla.ir coupling.n 
In 1935, at the meeting of the Institution of Mechanical Engineers, 
in London , Mr. Sinclair presented a paper on "The Recent Developments 
of the Hydraulic Coupling,,,(l) from which the history, herein presented, 
was mostly obtained. 
A brief discussion of the three main types of couplings and their 
applications, as developed by Mr. Sinclair, are as follows: 
1. The Scoop-Tube Type. This is a variable filling coupling used 
principally with cons tan t-speed motors. :By variable filling, a wide 
range of slip control is obtained. The scoop-tube rotates with the run-
ner outside of the working chamber and picks up oil thrown through open-
ings in the housing, re-circulating the fluid through the coupling. It 
is used mostly for driving centrifugal fans, pumps, flywheels, etc • 
• 4.. cut of an early Vulcan-Sinclair Scoop-Tube coupling is shown in 
Figure 1. 
2. The Traction Type. This coupling has fluid filling maintained 
at 98% of the liquid capacity. Due to the inherent characteristic of 
decreased slip with increased speed , this coupling is best adapted to 
variable-speed motors. "Fluid Drive," and "Hydraulic Coupling" are 
trade names for this type commonly in use today. 
A picture of the coupling is shown in Figure 2. 
3. Ring-Valve Traction Type. This coupling incorporates constant 
filling with internal slip-control. Its use is adapted to both constant-
speed and variable-speed engines. Power transmission is regulated, 
somewhat, by an internal valve which directly controls the liquid vortex 
(1) H. Sinclair. Recent Developments of Hydraulic Coupling. Prodeed-
ings, The Ins ti tu te of Mechanical Engineers. October, 1935· 
ring within the coupling. 
8 5 3 2 
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Figure 3 shows the ring-valve traction-type coupling and the ring 
valve (a) mounted on the push rod (b) which slides within the driven 
shaft (c). 
.!:!gure .3 
Ring-Valve Traction Coupling 
The development of fluid couplings,:was conducted by Mr. Harol d 
., 
.'. 
Sinclair at Isleworth, England, up to 1930. Interest in flui d coup-
lings for automotive trB,nsmission in the United States sta:rted about 
1932 when a large automobile manufacturer entered into agreement with 
Mr. Sinclair. 
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Many industrial applica.tions of the coupling had been made in 
England, with considerable success, under the supervision of Mr. Sin-
clair, before interest was aroused in the United States. It is worth 
mentioning, however, that, since merits of hydraulic drives were brought 
to the attention of American manufacturers, its future seems assured by 
results achieved in the many constant and variable speed applications. 
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HYDRAULIC COUPLIN~ 
Description of Hydraulic COupling 
As mentioned in the introduction, the hydraulic coupling consists 
of a driven member, or impeller, and a runner, whiCh are enclosed in a 
housing filled with fluid. As the impeller rotates, fluid is forced 
against the vanes of the runner, causing it to turn. This principle 
can be illustrated most easily by likening the coupling to a metallic 
grapefruit. If the fruit were halved, the pulp removed, the section 
partitions left in place, and one-half filled with liquid, and spun, 
the centrifugal force of the water being thrown against the sections 
of the other half would cause it to rotate. Its rotational speed would 
almost approach that of the bottom half, providing it were freely sus-
pended. Pictures illustrating this reaction are shown in Figure 4. 
Figure 4 
Metallic ~rapefruit (Showing Principle of Fluid Coupling) 
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Like most power-transmitting machinery, the hydraulic coupling was 
an immense pie~e of equipment . The first designs were capabl e of trans-
mi tUng 6.750 hp ,per coupling. Figure 5 shows a gear having four coup-
lings which transmitted a total of 27,000 hp. 
Figure 5 
Vulcan Gear (27 ,000 hp) 
Presen t-da¥ uses. especially in automobiles a.nd small stationary 
engines. call for a compact unit cap3,ble of transmitting from 20 to 
150 horsepower. Although the principle is the same, size has been de-
crea sed tremendously to f1 t modern condi tiona. In comparison to the 
huge gear shown above, a coupling in wide industrial use today is but 
'. 
14 inches in diameter and transmits gO horsepower at 19OO rpm, con-
tinuously. It has an intermittent rating of 100 hpat the same speed. 
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Mathematics of the Hydraulic Coupling(2) 
The hydraulic coupling is simple in construction and action and, 
in itself, presents no difficult mathema.tics to explain. Its action is 
the same as if an old water wheel were enclosed in a container where 
the sloshing of the water from the vanes, instead of spilling over the 
runway, was being dashed against another set of vanes free to turn. A 
runner and an impeller are set in housing filled with fluid, and, as 
the impeller is put in motion by a prime mover, the fluid is dashed by 
the vanes of the impeller against the venes of the runner, causing the 
latter to begin motion and eventually rotate at very nearly the same 
speed as that of the impeller. The difference in speed is termed 
11 slip". Figure 6 is a cut-out view of the hydraulic coupling, showing 
the impeller, runner, and housing. 
Figur,.e 6 
Cut-Out View of Hydraulic COupling 
(2) P. M. Heldt. Mathematical Consideration of Fluid Coupling. Auto-
motive Industries, Vol. 82, pp 360+, April 15, 1940. 
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With the prime mover in motion, the impeller is always in motion; 
hence, the fluid within the housing is always in motion. Due to this 
fact, there is always a loss within the coupling as long as the impel-
ler is turning. This loss is equal to the ratio of the slip, which is 
the difference between the speed of the impeller and runner, to the 
speed of the impeller and is expressed on a percentage basis . The slip 
is 100% at the beginning of acceleration and reduces to 0.5% to 1% when 
steady operation is attained. The torque on the runner is, at all 
times, equal to that impressed on the impeller by the prime mover. The 
torque transmitted, therefore, conforms to a l-to-l ratio. 
The fluid in motion perpendicular to the axis of the coupling, or 
that fluid circulated by the impeller vanes, produces a torque on the 
runner and thereby transmits power. The fluid obtains Kinetic energy 
When it enters the cells of the impeller near the axis of the coupling, 
where the linear velocity is low and passes to the outer edge of the 
impeller where the linear velocity is high, crea.ting a vortex as shown 
in Figure 7. 
Figure 7 
Fluid Vortex Within Coupling 
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It spends this energy by dashing against the cells of the runner 
where it is slowed down. Since the power is transmitted by the Kinetic 
energy of the liquid vortex circulating between the impeller and runner, 
. 
the power-transmitting capacity is based upon the expression for Kin-
etic energy; that is, 
Kinetic Energy = 1/2 ~ (1) 
where, 
M = mass of the fluid 
V = velocity about the axis of rotation 
In a fluid coupling of types commonly used in automobiles and sta-
tionary power units, rate of flow of fluid will be the same from the 
impeller into the runner as in the opposite direction. In such a coup-
ling, both the impeller and the runner form annular channels of semi-
circular cross section, which channels are separated by partitions cal-
led: vanes. Figure g is a diagram of such a coupling. 
r,. 
Figure g 
Cross Section of Coupling Runner and I~eller 
The point in the section, x, around which flow will take place, 
can be determined from the fact that the cells become narro",er circUDl-
ferentially. or near the axis. 
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The width of the cells in the circumferential direction is in di-
rect proportion to the distance from the axis, if~ thickness of the 
vanes be disregarded. In Figure No.9, ABOD represents one of the 
cells of the runner, wherein AB represents the inner edge of the cell, 
OD the out er edge, and EF the axis around which fluid circulation should 
take place. If rl be the distance of the runner edge from the axis of 
the coupling, r2 the distance of the outer edge from the axis, and r3 
the distance of center of fluid rotation from the axis, then 
Figure 9. 
Side View of Oell of Runner 
Fluid enters the runner over the quadrilateral ODEF and leaves it 
over the quadrilaterial EFAB. As much fluid must leave the runner as 
enters it; hence, the two areas must be equal, so 
which, when solved, gives 
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(2) 
This is the radius of the point in the section of the coupling 
around which fluid will circulate. 
Experiment s have shown that the fluid does not fo11o", a uniform 
path through the coupling. Some flows along the outer walls of the im-
peller and runner, attaining energy through rota.tional velocity, and 
some moves around the axis of the coupling, with the general rotation 
of the impeller and runner, attaining no energy. However, a mean circ-
ule.tory path of flow must be determined to facilitate po .. rer calcula-
tions. This path is such that, for the same ra.te of flow and speed of 
rotation, it would produce the same torque and transmit the same horse-
po\\rer as the flo"l which actually takes place. Consequently, if a small 
section of the actual stream entering the cell is represented, in Fig-
ure 10, as the thickness dr with the width Cr, and at a distance r from 
the axis of the coupling, the quantity of f1o~1 will be proportional to 
the area, or to rdr. 
Fignre 10 
Section, Representing Flo,,! Through Coupling 
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. Then, since the circumferential velocity of the fluid in the element is 
directly proportional to the distance from the axis, it may be repre-
senten by Or, where 0 is a constant. The Kinetic energy of the fluid 
flowing per unit of time is proportional to the mass flowing per unit 
of time and to the square of the velocity of the fluid, that is 
dE = Or3dr 
where 0 is a constant. 
The Kinetic energy of the fluid entering the cell over its entire 
inlet area is found by integrating between the limits. r = r2. and 
e= (4) 
and the mean energy per unit of radial thickness of the stream is 
where E = mean Kinetic energy. 
If it be assumed that the fluid enters the cell only at a radius 
of r4. and that the flow is the same as above, the Kinetic energy in 




This is the equivalent mean radius of inflow of fluid into the 
runner. The equivalent mean radius of outflow is found in the same 
manner, hence, 
inches 
If a stream of fluid impinges against a solid surface, its velocity 
is changed and the force of the reaction equals the product of the mass 
striking the surface per second, times the change in velocity imparted 
to the fluid in feet per second. 
The velocity, V, of the fluid around the axis of the coupling at 
the equivalent mean radius of inflow, T4, is 
N l"4 I V4 = bo x err x 12 ft sec 
At the equivalent mean radius of outflow, r5' it is 
r 
V, = ~ x 2n x ~ ft/sec 
(s) 
(9) 
Therefore, the equivalent mean change in velocity passing through 
the runner is 
v = N X 211 x (r4 - r5.) ft/sec bo 12 (10) 
where N is the speed of the runner in rpm. 
Consequently, the pressure on the vanes due to a flow of one pound 
of fluid per second would be 
(11) 
where g = 32.2 
As the force of the fluid acts on the vanes at a mean radius of 
T4 + r, inches, it is equal to (T4 + rs) feet. The torque produced by 
2 24 
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If W 1b of fluid enter the runner per second, the total torque on the 
runner would be 
1b-ft 
The power transmitted by the coupling can now be determined by the 
equation 
hp 21TNT 
= 33,000 (14) 
Substituting T, as above, in (13), 
Therefore, if the power transmitted by the coupling and the speed of 
the runner be known, the rate of circulation of the fluid in the coup-
ling can be found by solving equation (15) for W, or 
1b per sec (16) 
The volume of the coupling, \tJh.ich bas an inner radius of r1 and an 
outer radius of r2,can be found by the equation 
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Ey the above formulae, a coupling capable of transmitting any de-
sired horsepower ~~ be found. One important aspect in the development 
of the formulae has been purposely omitted; that is, the development of 
the values of the foregone constants. Inasmuch as this phase of the 
problem treats of research and experimentation, the author begs permis-
sion to plead ignorance of the values since there has been no opportun-
ity to engage in the research and experimental application of the re-
port. Some experimental values of friction, etc., have been presented 
on the subject, but no mention is included herein. 
Present Uses of the Hydraulic Coupling 
Application of the hydraulic coupling has met with considerable 
success in various industries. Its use has been adopted in some phases 
of the automobile, marine, and railway industries, and some stationary 
installations. 
1. Automotive 
One of the largest manufacturers of automobiles in the United States 
uses a hydraulic coupling between the engine and transmission. Some of 
the features claimed for this type of application are: smoothness of 
accelera.tion; increased life of engine, transmission, and differential; 
a decrease in tendency to skid when starting. This manufacturer also 
claims that fuel consumption is practically the same as in direct-con-
nected transmissions. Shifting of gears is necessary under particularly 
heavily loaded conditions such as gping up steep grades, although nor-
mal starting on level ground can be made ~nthout shifting. 
Another large manufacturer uses a hydromatic transmission. As the 
name infers, automatic shifting is accomplished by fluid pressure. 
Fluid pressure operated governors are set to change into higher or 
lower gears at different car speeds. This is all' accomplished within 
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the transmission and no manus.l gear shifting or II clutchingll is neces-
sary. Such are the claims for thi s type of fluid tra.nsmission. 
2. Marine 
The hydraulic coupling is used in conjunction with Diesel engines 
in marine applications for propelling ships. The couplings are direct-
connected to the engine with reduction of engine speed being accompli-
shed through helical or herringbone gears. 
3. Locomotives 
The hydra.ulic coupling has been applied to severa.l Die sel rail-
cars in foreign countries. Most of the installations in this field are 
used with either two- or three-speed epicyclic gea.r boxes, friction 
clutches, etc. 
Some foreign companies have used the fluid coupling in conjunction 
with various types of gear-box transmissions, as above, for shunting 
cars in and around mines. Gear boxes are essentia~ in this work to in-
crease torque under starting loads. It appears to the writer that this 
would be an ideal application for the" torque converter." 
4. Other Uses 
Many stationary industrial uses of t:re hydraulic drive hE.ve been 
effected recently in the United States. The coupling has p roved suc-
cessful in drives for centrifugal blower fans, centrifuga~ water pumps, 
vacuum pumps, in paper-pulp mills, and winches on hoisting !!Rchinery, 
to mention but a few • 
.All oil-fielcl use in which the hydraulic coupling has met wi th suc-
cess has been in the application of drives for "slushlf or mud. pumps. 
tlSince there are occasions when the 'slush' pump pressure becomes ex-
cessive, stalling the coupling, it is oftentimes necessary to resort 
-20-
to water cooling beca:use of the frictional heat genera.ted." (3) Another 
application in which the fluid drive has been successful in the oil in-
dustry is in the transmission of power for the dra~~orks. This appli-
cation is similar to ~t used in drag-line winches, etc. 
Since the fluid. coupling has aJ.ready met with success ih the above 
types of oil-field instaJ.lations, an investigation of its possibilities 
in a larger phase of the industry the pumping of the wells -- seems 
a worthwhile undertaking. 
Application of Hydraulic Coupling to Oil-Well Pumwing 
In the norll18,l pumping of an oil well with conven tionaJ. beam equip-
ment, whether it be with a standa,rd front or a pumping unit, a f actor 
contributing to smooth operation is counterbala.nce. 
There are many methods of determining counterbalance, such as 
slipping the clutch, comparing the engine explosions (single-cylinder 
engines) with crank position, noticing point in cycle where slack oc-
curs in belts, calculations of torque load, and tachometer records, to 
mention but a few. The quickest, easiest, and most positive method is 
to check the fluctuation in engine speed with a recording tachometer. 
The only practical method of correcting a defective counterbalance con-
di tion is b~r trial and error of adding or subtracting weight at the 
beam. 
Counterbe~8nce effects only one simultaneous condition. The well 
equipment is either balanced (within limits), overbalanced, or under-
baJ.anced. 
(3) 
H. Sinclair. Some Problems in the Transmission of Power by Fluid Coup-
lings. Proceedings of the Institution of Mech. Eng. - June, 1938. 
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Figures 11 and 12 sho", tB.chometer records of a balanced and un-
balanced well, respectively. 
In order to emphasize the magnitude of torque encountered in pump_ 
ing oil wells, calculations were made on one of the heaviest wells, 
known to the author, in the Greater Seminole Area, Oklahoma. 
The well was first weighed and a dynamometer card obtained. This 
card is shol',n in Figure 13. Knowing the deflection of the spring in 
the strain gage in Ib per inch, the maximum and minimum loads were di-
rectly recorded,--(in this instance, 26,300 lb and 1,700 Ib, respec-
tively). Then, taking the extreme ends of the card as 00 and 180°, re-
spectively, crank angle at 150 intervals between 00 and 3600 were laid 
out. From the intersection of these lines with the dynamometer card, 
the load at any angle was obtained. 
This well used both rotary and beam weights for counterbalance, 
which necessitates simple, though laborious, calculations in arriving 
at the total theoretical torque at any angle of the crank. A method 
of cs.lculating this torque was presented in a paper, "Typical Dynamom-
eter Oards and Their Application. II (4) 
Using the formula,e presented in this paper, the total torque on 
the above well was derived. Figure 14 shows a sketch of a unit and 
the various a.ngles considered in arriving at the total torque. Ta.ble I 
shows the results, in inch-pounds of torque, of the condition encoun-
tered at the time the dynamometer card was taken. 
A graph of these results, shown in Figure 15, reveals an under-
balanced condition. It is seen that the maximum torque on the down-
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Sketch of Pumping Unit 
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stroke is a,bout one-half' that of the upstroke, or 239.500 in-lb compared 
to 542,080 in-lb. respectively. The difference between the two figures, 
or 302,580 in-lb, is the torque that would have to be balanced wi th 
either rotary or beam weights for smooth operation. It is readily seen 
that considerably more power is required of the prime mover on the up-
stroke than on the downstroke, thereby ca~sing a fluctuation in engine 
speed per each pump cycle. 
This method of calculation is, indeed, a laborious one for deter-
mining peak torque when, after the equipment is selected, all that is 
desired is to know the counterbalance condition. 





T = peak torque, in-lb 
P = maximum polished rod well load, Ib 
1 = length of stroke, in. 
In using the above formula it is to be assumed that 50% of the max-
imum load is counterbalanced, and that the maximum load occurs at the 
middle of the upstroke. 
The la.tter formula can be used as a quick method of determining 
the size of the equipment while the former method must be relied upon 
to determine the theoretical variation of torque loads after equipment 
is in place. 
The effects of an unbalanced condition are manifest in increased 
cylinder wear and crankshaft failures of the prime mover. and in other 
resultant effects to the equipment, such as preme,ture failure of belts, 
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chains, and bearings in the transmission equipment. 
When tachometer records, as explained previously, have been ob-
tained, they reveal, immediately, the condition of balance. The var-
iation in speed of the prime mover is expressed, mathematically, in per 
cent of t:re average revolutions per minute, as follows: 
where, 
n1 - n2 
C.F. = Avg rpm 
C.F. = coefficient of fluctuation 
nl = maximum Ipm 
n2 = minimum rpm 
Variations of 2 to 3 per cent are considered satisfactory for nor-
mal balance in standard rig-front or p'Wllping-unit installations. How-
ever, variation of this amount, when using a hydraulic coupling, would 
reflect directly in the efficiency of the drive, since difference in 
speed would be added to the normal slip. Inasmuch as' the fluctuation 
would be directly interpreted as slip, ever,y effort would be necessary 
to obtain as near perfect counterba~ance as possible. 
Since such low coefficient of fluctuation can be obtained in di-
rect-connected drives, it is within reason to expect that the hydraulic 
coupling offers a possible method of reduction of expense in the in-
itial investment of pumping equipment, in maintenance expense, and in 
prolonged life of the equipment. Factors influencing this opinion are: 
1. The torque on the coupling output sha£t is at all times equal 
to the torque at the prim mover. 
2. High efficiency is obtained with the coupling. 
3. Absorption of torsional vibration by the coupling. 
4. Initial cost of the coupling. 
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5. Standardization of one or two sizes of couplings to meet all 
pumping requirements. 
In direct-connected mechanical clutches and transmissions, full 
engine torque is not available at low speeds. This is due to the fact 
that increased load is transmitted directly to the engine. Since the 
torque is proportional to t~ speed, reduction in speed to ultimate 
s t8~ling of the engine some tine s occurs. By the use of a coupling, 
full engine torque is available, at all times, against the fluid, even 
though the runner, or output shaft, may be stalled by increased load. 
This is due to the fact that there is no direct connection to the en-
gine. Peak loads, therefore, aJ. though they may stall the coupling, do 
not impose any thrust 'on the prime-mover crankshaft, other than the 
nOrma+ engine torque. 
The ultimate goal in the design of any piece of equipment is that 
it attain 100% mechanical efficiency of operation. However, due to 
friction, among other factors, suCh as wear and. slipp8~e, mechanical 
efficiency of 90-95~ is considered about the maximum to be expected of 
mechanical equipment. The hydraulic coupling, on the other hand, op-
erates through an efficiency range from zero to as high as 99%, in some 
cases. It is zero when the output shaft is stalled, and increases as 
the speed of the output sha..ft approaches the speed of tm prime mover. 
That is, under conditions of heavy loading, the efficiency of the coup-
ling will be low . due to increased slip, and it will be high when the 
unit is underloaded, when there is only frictional loss. Inasmuch as 
a small size coupling is capable of transmitting from 20 to 150 horse-
power, overloading, under normal properly balanced oil-well pumping 
conditions, would rarely occur and the coupling could, at all times, be 
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operated in the higher efficienqy range. Full utilization of the avail-
able engine horsepower woul~ thus be possible. 
"Absorption of torsions.1 vibrations" appears to be an abstract 
statement in view of the author's lack of experimental work with the 
coupling. It is recalled, nevertheless, that in his experience with 
oil-field pumping equipment, numerous crankshaft failures have occurred 
in single-cylinder engines of conventional, or beam-pumping, installa-
tions; and in two instances where multi-cylinder engine crankshafts 
failed while operating hydraulic equipment. Both types of equipment 
are direct-connected to the prime mover. The latter operates at a con-
stant pressure, under normal conditions and, therefore, M.S no reversal 
of torque load as in pumping by conventional methods. It is readily 
seen that, if a well were badly out of bB~ance, imposing' torsional 
loads, such as were shown in Table 1, on the engine crankshaft, fatigue 
cracks might easily develop and result in subsequent failure. Similar-
ly, in the case of the fractured crankshafts on the engines of hyo.raulic 
equipment, failures probably resulted from fatigue due to torque im-
posed by excessively high pressure. It is the author ' s opinion that 
such failures probably coulel be eliminated by using a fluid "tra,ction 
type" coupling in the transmission of power. 
Partial substantiation of this belief is found in "Some Problems 
in the Transmission of Power by Fluid Couplings,1I as follows: 
"The primary reason for introducing a fluid coupling in many 
geared Diesel-engine drives is to eliminate the transmission of 
torsional vibrations between the engine and the gearing .••. One 
example, from the experience of a contracting firm which operates 
a large number of portable Diesel air compressors, is the elim-
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ination of fatigue cracks in the engine crankshaft which even-
tually result ed in the failure of the crankshaft. The same firm 
has found that the period between engine overhauls is increased 
from 1200-1500 hours to as much as 3000 hou.rs when the drive is 
through a fluid coupling. The reason ascribed by the makers of 
the engine is that the load is smoothly applied by the fluid 
coupling a t the ins taut when the automatic unloading device oper-
ates in the compressor, and this obviates the momentary excess 
injection of fuel oil with poor combustion, such as occurs with 
solid-coupled engines." (5) 
Although the period of the torque application, in the above exam-
ple, does not occur with the frequency of normal well pumping cycles, 
the resultant effect of torsional vibration is the same at the crank-
shaft. 
A prime factor in the installation of any equipment is the initial 
cost. In normal times, the initial cost of a fluid coupling of the 
size and capacity required for ordinar,y oil-field use would be between 
$150 and $250. This, compared to an approximate cost of $450 for a 
mechanical clutch of comparable capacity, represents a saving of $200 
to $300, for slow-speed installations. It is doubtful whether an act-
ual saving could be effected in initial cost, on sma~l high-speed in-
stallations, but the expected reduction in maintenance would probably 
compensate sufficiently to justify insta~lation of this type. 
Standardization is of primary importance in the oil industry. At 
the present time, oil-well pumping units range in capacity from approx-
(5) H. Sinclair, op. cit. p. 109. 
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ima.tely 3 to 120 horsepQ1lver. The more common stock sizes on the market 
are rated at intervals of 3,5,10,15,20,25.35,50,75 , and 100 
horsepower. Beam cape,ci ty, peak-torque ratings on the reduction boxes, 
and engine size must, necessarily, increase with unit size. Since the 
capacity of a hydraulic coupling is a function of its speed, one fluid 
drive could be chosen to fulfill the above-listed range. Engine sizes 
would, necessarily, have to comply with horsepower requirements of the 
well. As shown in the fo11CNIing chart, Figure 16, the 18" diameter 
coupling would easily cover the required horsepower range. In the 
l~ler range of horsepower required, a small capacity high-speed engine 









"- v T "'- v 
"-
'\.. y v 
T , 
" y '\. ~ 
'" 
',-, 
A Y ""- v 
'" 7 I' 
" 
~ 
7.. '\, '1 v A 













, ! ."-IY A 21 ,"" Y f- ",,) fA: 
,( Y J,' ",,- ~ .<' Y ~ Y ) :\ 
/~ f{ l~ i ~Z;lo/ J,.\ ) ('" ty 
~67 [(: k\ Y It< / l ' I y 'J 
N I ~ V l,<\ V Lz\ t:Y ,{1~ 
~ I ~ D" 0 ~"/ / NV' ,~rs !.7 
~ J J. l". l/ 1.0--ty k'" V 
~~ ~ ty A~ f R1 
!Y K "'- ~ fY ~ V ~>J 
k< ~ ~ ~ A\ lY' 
'" 
700 800 900 1000 1500 
RPM 
__ Continuous Rating ____ Intermittent Rating 
Figure 16 




Reduction Thro~h Eelts 
At the present time, reduction of engine speed to requirements of 
oil-well pumping is accomplished through use of belts alone on most 
"standard rig-front" installations, and through the use of belts and a 
speed-reducer, on pumping-unit installations. In the latter instance, 
primary reduction is provided by bel ts on pulleys a..nd seconda,ry reduc-
tion is accomplished in the speed-reducer, either by chain or gear 
drives. The common speed reducers can be obtained in either the single-
or the double-reduction type. 
The use of a fluid drive, in conjunction with a standard rig front, 
would necessitate minor changes before satisfactory operation could be 
obtained. Most of the prime-movers on the later installations of this 
type are 2-cycle single-cylinder engines with normal operational speed 
between 200-300 rpm. For successful operation with this type of prime-
mover, the speed of the impeller shaft of the coupling would have to be 
increased. This could be accomplished by removal of the clutch and re-
placement with a large diameter pulley for the purpose of driving the 
impeller. A diagramatic sketch of this arrangement is shown in Figure 
17. 
Since the trend in modern equipment is toward pumping units and 
multi-cylinder engines, the above application would be used, primarily, 
for replacement of worn broken clutches. Eelt slip, presently preval-
ent on unbalanced wells, would be absorbed in the coupling, thereby in-
creasing the life of belts and other equipment , without damage to the 
coupling. 
The elimination of gear or chain reduction boxes by reduction of 
speed through belts in use with a fluid drive appears to be practical 
Flat Belt 
Count ershaft ~ 
Reduction Pulleys 
and Belts --- -
Walking Beam 
t------ Fluid Coupling 





Diagramatic Sketch of Fluid Coupling 
with Standard Front 
from a casual standpoint. If, through the use of a fluid drive, both 
the mechanical clutch and the reduction box could be eliminated, a 
worthwhile saving would be effected. Reduction of prime-mover speeds 
of 200-1800 z:pm to well strokes per minute of 18-30 would have to be 
accomplished through bel ts alone. Torsional shock, usually absorbed by 
the reduction gears or chains, and transmitted to the engine, would be 
absorbed by the fluid coupling. 
Different methods of cO!L~ection of the drive to engines of pumping 
units would necessarily be made. In connection with a single-cylinder 
engine, the input speed of the coupling would have to be increased. In 
use with a multi-cylinder engine, the coupling would be direct-connec-
ted to the engine casting, thereby directly driving the system wi thout 
preliminary reduction of speed. 
Diagramatic illustrations of these possibilities are shown in Fig-
ures 18 and 19. 
The fluid coupling has been credited with prolonging the useful 
life of equipment in several tn:es of work. The following quota.tion 
indicates the benefit derived by another user of fluid drives: 
"One industrial user of drag-line excavators has proved that the 
life of ropes is increased from 350 to 600 hours by transmission 
of power through the fluid ooupling." (6) 
Inasmuch as slippage would affect the efficiency of the coupling, 
the partial control of this factor could be accomplished by use of a 
flywheel on the coupling; that is, between the well pitman and prime 
mover. 
(6) Fortune. August, 1939. p. 68. 
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Diagramatic Sketch of Fluid Coupling 
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As shown previously in Figure 15, a variation of torque occurred 
in the pumping cycle due to an unbalanced condition. Nevertheless, had 
the engine not had large flywheels, considerably more fluctuation would 
have occurred in engine speed due to the fact that the torque in one 
complete pumping cycle varies from zero to a maximum, regardless of 
counterbalance. It is the Kinetic energy stored in the flywheels that 
reduces variation in fluctuation. The coupling would, therefore, need 
a member providing sufficient inertia to reduce the variation in speed, 
since the torque effect would create a drag on the coupling, resulting 
in decreased rpm of the runner, or slippage. 
Necessar,y size of the flywheel could be determined, after torque 
was known, by use of the formula for change in Kinetic energy: 
Assuming that a torque ratio of 20:1 exists between the pitman 
crank and the engine flywheel, the torque, in ft-lb, and size of fly-
wheel to meet unbalanced condition of previously described well would 
be as follows: 
In-lb - unbalanced torque 
Torque at engine flywheel 
302,500 = 25,125 ft-lb 
25,12~= 1256.2 ft-lb = ~w 
. ~r . 
..... , ,~. 
Assume: Allowable variation of 5 rpm from mean speed of 850 rpm 
2' - largest advisable diameter of flywheel 
where 
M = 900gkAWr 
n2p2n2 
= 900x32 •2x85x1256.2 
9. 859x12x8502 
= 54.2 Ib !) 
p = radius of gyration 
n = rpm 
n2 + nl 
n = = mean speed 2 
= 855 + 845 - 850 2 - rpm 
k-l: coefficient of fluctuation 
! = n2 - nl = 855-845 _ I 
k n 850 - 85 
k = 85 
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A small flyWheel of approximately 54 lb rim weight, operating at 
850 rpm, would, therefore, supply sufficient energy to overcome the 
unbalanced torque effect and reduce slippage in the coupling. 
The foregoing discussion has been based on data obtained in the 
limited supply of literature on the subject of fluid, or hydraulic, 
couplings. It is regretted that experimentation with the coupling, ap-
plied to a pumping well, was not possible so that actual results could 
have been incorporated in this paper. However, it appears that. in 
view of its success in other not too dissimilar applications, the use 
of a fluid coupling in oil-well pumping would be practical. 
The opinions and statements, other than quotations, expressed in 




The use of hydraulic couplings in many fields of engineering has 
prompted this proposal. of a new GLPplication. A brief history of fluid 
couplings from their origin, by Dr. H. Fottinger, to their present 
status, is included. Mr. H. Sinclair developed and improved various 
types of couplings. These types and their respective applications are 
al.so shown in the history. The distinguishing features of the torque 
converter and the fluid coupling are briefly summarized. 
A simplified version of the mathematics of the fluid coupling is 
related, in the discussion, so that the principle upon which power is 
transmitted can be readily grasped. 
A theoretical. application of the coupling to oil-well pumping is 
discussed, together with conditions of torque and counterbalance en-
countered in oil-field operations. The possible use of a fluid coup-
ling with belt reduction, and gear or chain reducers, is shown. It is 
brought out that a flywheel should be used wi th the coupling to reduce 
the effect of torque variation due to pumping. 
Although there is no support through experimentation, the author 
expresses the opinion that the use of the fluid coupling in oil-well 
pumping appears to be practical. in view of its success in other not 
too dissimilar applications. 
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APPENDIX A 
HYDRAUL IC TORS-UE CONVERTER 
It was originally intended to discuss the applicability of the 
torque-converter to oil-well pumping, as has been done with the hyd-
raulic coupling. However, the installation of any new equipment for 
replacement of standard types in use must possess at least two immed-
iate advantages over the present standards. These are: 
1. A reduction in initial cost a:nd/or, 
2. Superior performance over present equip-
ment, or at least claims thereof. 
Unless the walking-beam pitman could be directly connected to the 
converter without the use of a reduction box,there would be no reduc-
tion in installation cost for, in normal times, the converter costs in 
the neighborhood of $1,000. Consequently, a considerable increase in 
initial investment would occur even though its performance were satis-
factory. 
Since the torque output of the converter is controlled by the 
angle of the stationary vanes, individual converters would have to be 
specified for separate wells. Specification, in this manner, is costly. 
Also, since the torque output decreases with the increase of runner 
speed, the converter would serve merely as a coupling except when start-
ing operation. 
Consequently, in view of the inherent cha,racteristics of the con-
verter, it appears on the outset ths,t the application of a torque con~ 
verter to oil-well pumping would be an impractical one. Therefore, a 
lengthy discussion seems unnecessary. 
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.APPENDIX B 
The au thor had hoped that information of some sort -- technical, 
descriptive, or photographic -- concerning the insta~lation mentioned 
in the introduction would have been received so that practical results 
could be a.l1alyzed and discussed in this paper. Unfortunately, several 
inquiries brought no reply. 
It is interesting to note, however, that on January 6, 1942, Patent 
No. 2,268,701 on "Pumping Equipment" was issued to WilburJ. Crites, 
Bartlesville, Oklahoma, assignor to Phillips Petroleum Co., a Corpora-
tion of Delaware. 
This patent broadly covered the application of a flywheel and 
fluid coupling to pumping equipment. Since no data were presented in 
. the claims of the patent, no study of the application could be made. A 
sketch showing the location of the component parts of the installation 
on which the coupling and flywheel were employed was presented. The 
sketch was ana~agous to those shown in Figures 17, lS, and 19. 
It m8¥ be worthwhile to mention a portion of the efficiency claims 
of the a,bove-patented improvement. "Actual operation in the Arlr.ansas 
field showed that the application of a flywheel and a fluid coupling 
to an electric-motor installation effected an overall efficiency in-
crease of two and one-half per cent, and reduced operating temperature 
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